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Sciences, and shared with Squinabol his special interest in Mesozoic formations of northern Italy. His scientific work was centred on palaeontology and stratigraphy, particularly of the alpine regions of Italy.
Paolo Vinassa de regny (Florence, 1871-cave di lavagna, 1957) Vinassa de regny was another geologist and palaeontologist of extremely broad talent and culture. He wrote over 300 publications, was a university professor, explorer, geographer and senator . As a private pastime from all these roles, he was very well versed in Dante Alighieri and, as a result of his longstanding interest and research on the topic, published in 1955 a book on Dante and Pythagoric symbolism, discussing the esoteric significance of numbers in the Divine Comedy (Vinassa de Regny, 1955) . He was professor in Bologna (1899-1913, Geology and Paleontology) , Perugia (1902-1908, Mineralogy, Lithology, and Agrarian Geology) , Catania, Parma and Pavia. He was Dean of the University of Pavia and Director of the Geology section of the Natural History Museum in Pavia (1924 Pavia ( -1941 . His most commonly cited works on radiolarians (Vinassa de Regny, 1899 , 1901 represent only part of his scientific interests, which ranged from descriptive palaeontology to palaeobiology, stratigraphy, tectonics, geochemistry and applied geology. In the latter discipline he pioneered the field of agrarian geology, writing a treatise on the topic and carrying out studies in the then North African colonies of Italy. He also contributed to the geological surveying of Carnia, founded the Journal of Practical Geology (which later became the Italian Journal of Geology), and was director of the Rivista Italiana di Paleontologia from 1893 to 1942. The only blemish on this otherwise truly remarkable curriculum was his anti-Darwinian view. Vinassa de Regny's somewhat anachronistic opinions on Darwinism are interesting as, a few decades earlier, many eminent researchers including the most famous radiolarist Haeckel were actively trying to ground-truth Darwin's theory. the rise oF oceanograPhic research and Biological stations Roughly 150 years before Vinassa de Regny was born, another Italian had published the work Histoire physique de la mer (Marsili, 1725) , thus founding three major disciplines, as this represents the first work on physical, chemical and biological oceanography. A few decades later, physical and chemical observations of the oceans were in full bloom, with many voyages being organized, many of them having full-time naturalists on board. These expeditions were intended to collect a great variety of data, and brought back many species of plants and animals from around the world. This tradition led to the establishment of marine biology stations. These started to appear in the second half of the nineteenth century, with the first one being the Marine Station of Concarneau (Brittany, France), established in 1859 and run by the Muséum National d'Histoire Naturelle. 
darwinism, haeckel, anton dohrn
The large body of observations collected at these stations helped strengthen the foundations of one of humanity's biggest cultural revolutions: evolutionary theory. The second half of the nineteenth century saw the publication of Darwin's On the Origin of Species (1859), with some very famous physicians of the time (Johannes Mueller, Ernst Haeckel, Hermann von Helmholtz, Karl Gegenbaur) turning their interests to natural science, making substantial contributions to the field. This crossing of paths between medicine and Darwinism was strongly related to Haeckel's recapitulation theory: the idea that an organism during its embryonic development passes through the major stages of the evolutionary past of its species. At that time, therefore, comparative embryology (a major branch of medicine and zoology) was becoming the cornerstone of morphology and evolution, that in turn thus became a major way by which physicians and zoologists sought to expand and develop Darwinian theory over the last 30 years of the nineteenth century.
Ernst Haeckel (1834 Haeckel ( -1919 , possibly the most influential radiolarist of all time, became Professor of Zoology at the University of Jena in 1865, where he passed his passion for Darwinism to one of his students: Felix anton dohrn . During 1865, immediately after having obtained his PhD from the University of Breslau, Dohrn was collecting plankton samples in Helgoland together with Haeckel ( Fig. 3) , and first had the idea of building a zoological station (Groeben, 2006) . In 1869, Dohrn was again collecting plankton, this time in Messina, together with the Russian zoologist nikolaus Miclucho-Maclay (1846-1888), and the discussion escalated to building a whole network of biological stations (Groeben, 2006) . Maclay (shown with Haeckel in Fig. 4 ) went on to establish a zoological station in Sydney, Australia (1881), while Anton Dohrn's dream of establishing a biological station did not have to wait as long. Anton Dohrn states in a letter to Charles Darwin (reported in Groeben, 2006, p. 294 
):
… I have found how difficult it is to study Embryology without an Aquarium. This want has suggested to me the idea of not only founding Aquariums, but also Zoological Stations or Laboratories in different parts of our European coasts.
His name was soon to be associated with the world's most famous biological station, that of Naples. the stazione Zoologica di napoli Anton Dohrn established the zoological station in Naples in 1872, making it thus one of the first such stations in the world. The city, which used to be the capital of the Kingdom of the Two Sicilies (until 1861), was therefore rich in culture and art and one of the largest cities in Europe, with ten times more inhabitants than Rome (Groeben, 2006) . The local Naples administration provided, free of charge, a prime site on the waterfront, on the condition that Dohrn would fund the building itself. The idea was for the station to be financially independent (i.e. not connected to a university) and open to top-level international students and scientists. Financial independence was reached by a combination of the income provided through the admission fees to the adjoining Aquarium (an idea Dohrn had during a visit to the Berlin Aquarium) and, most importantly, an innovative measure introduced by Dohrn to finance his project: the rental of work and research space ('Bench/Table system'). This funding method required payment of an annual fee, entitling the contract partner (universities, governments, scientific institutions, private foundations, even individuals) to a workplace for one scientist, including access to all necessary equipment, technical expertise, marine organisms and literature to conduct research for one year (Fantini, 2000) . Most importantly, investigators were completely free to pursue their own projects and ideas. Another asset of the Naples station was the detached laboratory in Ischia (today used for benthic ecology studies), allowing direct access to fresh marine plankton samples. The focus of the station on the study of marine organisms, the Aquarium, and the tradition of international collaboration are still in existence to this day, along with world-leading research in the field of molecular biology and genetics. For a more learned and in-depth documentation of the history of the Stazione Zoologica di Napoli and the early ideas of Anton Dohrn on biological stations, the reader is referred to the excellent works by Groeben (2006) and Fantini (2000) .
Paolo enriques and the Zoological station in naPles
In addition to Haeckel, Dohrn, genetics and marine biological research, another link between the Stazione Zoologica di Napoli and radiolarians is represented by Paolo Enriques. Born in Leghorn from a family of Jewish descent in 1878, he studied at the universities in Florence, Rome and Bologna. He graduated in medicine in Göttingen, and added a PhD in Natural Sciences at the University of Bologna in 1901. He was Professor of Zoology, Comparative Anatomy and Physiology at the universities of Sassari (from 1911) and Padua (from 1921). Enriques published very important studies on genetics and inheritance, illustrating the links between them and evolution and enunciating the law of the independence of variability. His main works are: 'The cellular theory' (Enriques, 1911) and 'Mendel's Laws and Chromosomes' (Enriques, 1932) . In his obituary in Nature ('F.A.B.', 1933, p. 265) he is described as 'the leader of Italian zoologists along the lines of genetic, physiological, and philosophical research'.
Paolo enriques and radiolarians
In the 1912-1917 period, Paolo Enriques carried out his first research on radiolarians from plankton material at the Marine Biology Institute in Messina, resulting in two papers on colonial forms. From 1927 on, he regularly visited the Stazione Zoologica in Naples, where he started to compile a monograph on radiolarians (Spumellaria, Nassellaria, Phaeodaria). Colosi (1933) reports how Enriques would devote several months' hard work a year collecting facts and observations contributing to his monograph. Unfortunately, his death in a car accident near Rome in December 1932 left this work unfinished. In his unpublished radiolarian classification he criticizes and emends the then existing radiolarian taxonomy, by applying ontogenetic and phylogenetic considerations to the reconstruction of relationships between taxa. His work continues the tradition mentioned above of zoologists and embryologists applying their knowledge from those disciplines to the study of evolutionary processes in microorganisms. Enriques' is one of the first attempts (if not the first one) to produce a 'natural' classification of radiolarians, i.e. based on available biological information on the taxa, and the known genetic/evolutionary relationships between them, instead of the formal classification schemes existing at his time. In fact, Haeckel's radiolarian classification was based on geometrical features of the shell and was, therefore, largely artificial. While this hampered the development of a more rigorous, and natural, classification system, Haeckel's scheme provided a relatively simple and intuitive way to classify this microfossil group. A natural classification scheme of radiolarians still does not yet exist.
An example of how Enriques' ontogenetic approach may have helped to clarify (still relevant!) taxonomic issues in radiolarians is represented by his remark about the species Actinomma trinacria and Actinomma boreale, where he agrees with Jørgensen (1905) and suggests that these taxa should be kept separate, and to ignore Schröder's (1909) opinion:
According to Schröder, this species (Actinomma trinacria) could also be a juvenile stage of Cromyechinus borealis Cleve, with the fourth shell not yet formed. But Jørgensen had already observed, in 1905, that C. borealis specimens are usually recognized by the transverse processes on the main spines. These processes indicate the future shell. Generally speaking, the formation of the more external shells is already sketched when the structure of the skeleton is thin, minute, juvenile. If one observes a strong, well developed, thick external shell, it is not likely that other shells will be formed. This formation law seems to be evident to me after having observed the different families and genera. It makes the taxonomist's task easier, since it will remove doubts as those advanced by Schröder (Enriques unpublished manuscript, translated from the original Italian by the present author). a view into enriques' manuscript and his position on haeckel's scheme Georges Merinfeld, a plankton specialist, visited the Zoological Station in Naples and, in a letter to the station dated February 2 1965, he wrote:
The material contained in this folder deals with two of the three groups of radiolarians: the Polycystina (= Radiolaria s.s.) and the Phaeodaria (the third group, Acantharia, has already been the object of Schewiakoff's monograph in 1926. His classification scheme will hardly need any modifications, even after electronic microscopy research). Both the drawings and the slides on which they are based are of a certain value for the description and the taxonomy of species belonging to the same genus, since many drawings have been completed with all possible attention to show the details in the skeletal structure in these species.
The following are excerpts from Enriques' manuscript, translated from the original Italian by the present author, which sketch some aspects of his approach to update Haeckel's scheme.
In general the intricate relationships between different radiolarians push the researchers towards acceptance of Haeckel's 2009). Squinabol and Vinassa rank second and third (after Rüst) in terms of total number of described species. Including the taxa described by Parona and Neviani, these four Italian authors together account for roughly one third of the species described over this time period. classification when they study this or that family, delaying to the future the construction of a new classification. Since we wanted to go away from Haeckel's tradition, and we hoped that shuffling was useful for re-ordering families in their natural relationships, the question rises if it is possible to find groups having definite architecture. Fig. 6 . Drawings of radiolarian species that Enriques intended to include in his manuscript on a classification of radiolarians, based on studies he was carrying out at the Stazione Zoologica 'Anton Dohrn' in Naples. Image: Christiane Groeben, Historical Archives of the Zoological Station Naples.
Even if I do not have the possibility to directly examine all species by Haeckel, this is not a good reason to keep on using a wrong classification scheme. On the contrary I hope that once the basis of the classification scheme will be laid according to building plans and to embryonic development, the researchers will have a motivation to study the structural features, every time they will face a new or not well known species.
Already Haeckel held in consideration symmetry, but in a totally formal way. He divided Sphaeroidea in Lyosphaerida -without spines, Stylosphaerida -with two opposing spines, Cubosphaerida -with six spines, Astrosphaerida -with more than six spines. These groups are not corresponding at all to natural groups in shape or evolution. First of all, their order itself demonstrates the formalism of the classification: none, two, four, six, more than six spines. Does a radiolarian evolve from a spherical, spineless form, acquiring first two, then four, then six, then more spines? According to what we know, we may suppose it does not. We can observe infinite steps between the spherical, spineless form and the spherical form with many spines. In any group we may say that the spines may be added in an indefinite number. Evolution has probably, only as a secondary aspect, limited and defined the number of spines, reducing the indefinite central symmetry to a central symmetry with a defined, small, number of axes.
As I have said in the general part, there are no monophyletic systematic groups in Radiolaria. It is impossible to classify them according to a natural classification scheme according to the concepts of the Darwinian epoch, because such a natural classification scheme does not exist.
the legacy oF early italian radiolarists
Papers dealing with Mesozoic radiolarians appeared in the latter part of the nineteenth century, and the study of Mediterranean Mesozoic radiolarians began with Pantanelli (1880), who first described some species from Tuscany. He also applied radiolarians as tools to determine the age of Mesozoic terranes, thus becoming the second researcher to do so, after Zittel in 1876. This information is very important for reconstructing the history of complexly folded, faulted and accreted terranes. Obvious examples include a plethora of mountain chains and Mesozoic rock formations across Europe and Asia, related to the same orogenic events that generated the Italian Alps and Apennines, as well as a series of terranes accreted in island-arc settings (such as the Japanese Arc). These applications of radiolarians are still very important, and many of the modern 'radiolarists schools' (e.g. in Switzerland, Italy, Japan, USA etc.) have developed around the study of such scientific problems. Soon after Pantanelli's studies, Rüst (1885 Rüst ( , 1889 and Parona (1890) described and illustrated numerous Cretaceous species from different Alpine locations in Italy, Switzerland and Austria.
In terms of sheer numbers of new Mesozoic radiolarian species described over the time interval 1867 -1959 ), Squinabol and Vinassa ranked second and third (after Rüst). If we add to their total the new species described by Parona (1890) and Neviani (1900) , the general situation over this time interval was: (1) Rüst, (2) Italian authors, (3) others (with each accounting for c. 33% of the total; Fig. 5 ). However, even the truly remarkable 'score' of 586 new Mesozoic species described by Rüst was dwarfed by the c. five times higher number of living and fossil radiolarian species described in Haeckel (1887) .
The taxa established by early Italian workers are, generally speaking, still commonly used in modern studies. As a qualitative example of this, a recent overview of Mesozoic radiolarian taxonomy (O'Dogherty, 2009) lists a high number of species and genera originally described by Squinabol, Parona and Pantanelli. As the author of the present paper is not a Mesozoic radiolarian specialist, the reader is referred to the above publication ) for more details and statistics on taxa validity in studies dealing with Mesozoic radiolarians. Working concepts for most Mesozoic radiolarian species have been extensively examined and reviewed in connection with a taxonomic atlas of the Tethys (Baumgartner et al., 1995) . To my knowledge, however, no extensive critical re-examination of type species and material originally described by early Italian authors has ever been carried out.
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